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In 1934,  Goldblatt  (I) described  a method by which a persistent 
elevation  of  the systolic  blood pressure  could  be  produced  in  dogs by 
partial  constriction  of thc  renal artery.  In this  laboratory various 
experimental  studies  have been undertaken upon animals in  which a 
hypertension  of  this  nature  has  been  induced and  maintained  for  peri- 
ods  of  time varying in  length  from i wcck to 10 months.  As these 
animals  havc  died  or  bccn  killed  in  the  course  of  the  experiments,  a  post- 
mortem examination has been made of all the tissues  which could 
reasonably  have bccn expected to  have bccn involved  in this  morbid 
process.  It  is  the  purpose  of  this  report  to  record  briefly  the clinical 
picture  manifcsted by these  animals during life,  and to consider  the 
significant  pathological  changes which have been found after  death, 
both  on  gross  and  microscopic  examination. 
Methods 
Normal male and female dogs, varying in weight from 10 to 20 kilos have been 
used throughout the experiments.  All blood pressure readings have been made 
by the carotid loop method of Van Leersum, and the normal level determined by 
daily observations for at least 1 month.  Partial constriction of the renal artery 
has been secured by means of a small stainless steel clamp similar in design to that 
originally  described  by  Goldblatt  (1).  Whenever  animals  have been  killed  a 
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lethal dose of chloroform has been administered  by inhalation.  All the material 
for microscopic study has been fixed in 10 per cent formalin, imbedded in paraffan, 
and  the  sections  stained  with  hematoxylin  and  eosin.  When identification  of 
connective tissue has been essential, Masson's trichrome stain has been employed. 
Six animals have been studied which died within a  few days after 
bilateral  constriction  of  the  renal  arteries.  These  invariably  pre- 
TABL]~  I 
Animals Dying in Acute Hypertension Associated with Uremia 
~..x- 
peri-  Dog No. 
ment 
1  SA-36-62 
2  SA-36-63 
3  SA-37-72 
4  SA-37-76 
5  SA-37-77 
6  SA-37-84 
Remarks 
Normal dog.  Constriction of both 
renal arteries 
Normal dog.  Died  following con- 
striction of both  renal arteries for 
the second  time 
Animal with but a single kidney and 
that  transplanted  to  the  femoral 
vessels. Died  following  constriction 
of the renal artery for the second 
time 
Animal with but a single kidney and 
that  transplanted  to  the  femoral 
vessels.  This animal died follow- 
ing  the  third  constriction of  the 
renal artery 
Normal dog.  Died  following con- 
striction of both renal arteries 
* Time in days between  constriction  and death. 
sented  a  similar  clinical  picture;  namely  that  of  an  overwhelming 
intoxication, the manifestations of which were a marked hypertension, 
vomiting, a  bloody diarrhea,  anuria,  and terminally, convulsions and 
coma.  The blood urea nitrogen was invariably elevated. 
The Pathological Findings.--At autopsy gross examination  uniformly  revealed 
innumerable petechial hemorrhages, diffuse in distribution,  though predominating 
in the cardiac  musculature,  and in the gastrointestinal  tract.  In several of the CHARLES  G.  CItILI)  523 
animals these lesions were also found in the brain, both cortically and deep in the 
cerebral substance itself,  in the skeletal muscles,  the pancreas,  the lungs,  and 
superficially  in all mucosa lined viscera.  Microscopically,  the source of hemor- 
rhage was found to have been from the capillary bed.  In the sections of all of the 
organs examined disintegration of the capillaries  could be found in the center of 
small  extravasations  of  erythrocytes.  Particular  attention  was  paid  to  the 
arterioles and walls of the larger arteries, but in these no variations from normal 
could be observed.  In each case the kidneys were extensively damaged; in three 
the entire organ was infarcted, in two, merely a diffuse parenchymatous degenera- 
tion was observed, and in one both parenchymatous degeneration and multiple 
small infarcts were present. 
These findings  confirm those  originally observed by  Goldblatt (1) 
in animals in which too great a degree of constriction had been applied 
to  the  renal  artery.  In  one of these  animals  (SA-37-77)  a  marked 
hypertension  was  produced  by  the  third  constriction  of  the  blood 
supply  to  a  single  transplanted  kidney.  Shortly  before  death  the 
animal  suddenly  became  blind,  and  ophthalmoscopic  examination 
revealed bilateral detachment of the retinae.  On section of the globes 
this was found to have been a serous detachment, though the choroid 
itself  was  heavily  infiltrated  with  fresh  hemorrhage.  No  obvious 
etiology presented itself for this  phenomenon,  and  it  remains  unex- 
plained.  Perhaps its chief interest lies in its comparison with animal 
SA-36-55 which suffered a  similar accident in  the course of a  severe 
hypertension which had been present many months. 
Twelve animals were killed in various stages of a  persistent hyper- 
tension which had been present for from 1 to 10 months.  In eleven 
of these no abnormalities were observed during life save those asso- 
ciated  with  secondary  experimental  procedures,  for  example  pan- 
createctomy or destruction of the spinal cord. 
The Pathological Findings.--At postmortem examination the gross findings were 
not striking, and no pathological changes were observed other than a slight diminu- 
tion in the size of one or both kidneys.  This apparent decrease in the size was not 
infrequently accompanied by thickening and pitting of the capsule  due to scar 
tissue.  The great vessels, particularly the aorta, were searched for evidence of 
atheromatosis as routine, but in no instance could such lesions be demonstrated. 
Occasionally  the heart seemed enlarged,  but this can be considered  little more 
than an impression for no roentgenological measurements were made.  On micro- 
scopic examination the pathological changes were confined to the kidneys and the 
arterioles.  There was constant microscopic evidence of damage in one or both 524  HYPERTENSION  FROM  CONSTRICTED  RENAL  ARTERY 
kidneys quite similar to that originally described by Goldblatt  (1).  All degrees 
of hyalinization of the glomerular components have been found, as well as inter- 
stitial  fibrosis,  tubular  degeneration,  and  thickening of the  walls  of the  small 
arteries.  In a few instances the glomerular tufts were diffusely adherent to their 
capsules,  and  crescent  formation  was  not  rare.  One  peculiar  lesion  was  con- 
sistently present in the form of small loci of round cell infiltration composed of 
large  and  small  lymphocytes and  plasma  cells.  These  were  distributed  indis- 
TABLE  II 
Chronic Hypertension 
EX o 
peri-  Dog No. 
merit 
1  . SA-36-9a 
2  SA-36-21 
3  SA-36-31 
4  SA-36-36 
5  SA-36-41 
6  8A-36-46 
7  SA-36-47 
8  SA-36-54 
9  SA-36-55 
10  SA-36-57 
11  SA-36-59 
12  SA-36-64 
Nor- 
mal 
blood 
pr~- 
SUFC 
mm. 
Hg 
110 
120 
110 
115 
125 
110 
130 
120 
120 
110 
110 
150 
Reanarks 
Died 1 day after destruction  of spinal cord 
Killed 2 mos. after destruction  of spinal cord 
Killed  1½  mos.  after  destruction  of spinal 
cord 
Killed 1½ mos. after total pancreatectomy 
Normal control animal 
cc  ~c  ~ 
See below 
Normal control animal 
c~  ~c  c* 
c~  ¢c  cc 
* Time in months following constriction of the renal arteries. 
criminately in varying intensity throughout the cortex and medulla.  A distinct 
attempt  was  made  to  discover animals,  the  kidneys of which showed definite 
thickening of the walls and diminution in the lumina of the arterioles without 
similar vascular changes elsewhere in the body.  No such instance was found. 
As each organ was studied individually there was frequently found a 
definite  degree  of  thickening  of  the  arteriolar  walls  associated  with 
decrease in the size of the lumina.  This finding bore a  constant rela- 
tionship to the degree and duration of the hypertension.  They have 
never been found in animals with  only a  mild elevation  in the blood 
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disease  unless it had been present  at least  several months.  Further, 
the impression was distinct  that,  though these vascular lesions could 
be found in all of the organs, they were most pronounced in the cardiac 
and mesenteric vessels. 
The twelfth animal in this group (SA-36-55) has seemed of sufficient 
interest to warrant consideration in some detail. 
This was a young animal which manifested a marked hypertension for a period 
of 8 months.  During the first 6 months of this time the blood pressure was con- 
sistently in the neighborhood of 200 ram. Hg, an elevation of some 80 ram. Hg 
above  its  normal  level.  During  this  first  period  nothing  unusual  was  noted 
clinically.  It survived uneventfully a  reverse  Eck fistula  (3).  This  procedure 
which was followed in this animal by a transient rise in blood pressure lasting but a 
few days, has been shown to be without permanent effect in this type of hyper- 
tension.  In the course, however, of the last 2 months of life the pressure slowly 
rose to over 300 ram.  Hg.  Associated with  this  the  animal appeared  vaguely 
unwell, ate but poorly, and became excited easily.  A week before it was killed 
it suffered a  transient hemiparesis lasting about  12 hours, followed within a few 
days by an ophthalmoscopically demonstrable detachment of both retinae.  At 
no time was the blood urea nitrogen elevated above normal.  The day the animal 
was killed it was 17 nag. per 100 cc.  At autopsy there were few significant gross 
findings.  The serous nature  of the  detachment  of the  retinae  was evident  on 
section of the globes, but in this case, as in that of Keyes and Goldblatt (4), there 
were also several partially organized retinal hemorrhages.  One kidney appeared 
normal in the gross and microscopically save for definite arteriolar thickening, while 
the other apparently was diminished  in size and its  cortex thinner  than usual, 
scarred and pale.  On microscopic section it demonstrated all of the lesions which 
have been mentioned above (Fig. 1).  Examination of the remaining organs failed 
to reveal any evidence of pathological change other than those of the arterioles 
associated  with  each  tissue  studied.  These  lesions  were  remarkable  in  their 
intensity and variation, and though they were most constantly present in the ves- 
sels of the heart and of the mesentery, they also were found in the brain, liver, 
pancreas,  kidney,  and  skeletal  musculature.  Fundamentally,  the  picture  pre- 
sented was that of a  necrotizing arteritis.  As shown in Fig. 2 there is an acute 
verrucous arteritis with necrosis, hyaline thickening, periarterial round cell infiltra- 
tion, and early periarterial fibrosis.  In Fig. 3 a similar lesion is shown in the heart 
where thrombosis of the vessel has occurred causing an acute myocardial infarct. 
In Fig. 4 an apparently later stage in this disease is shown in which partial healing 
has occurred.  Here  there is a marked hyaline degeneration of the media, edema 
and fragmentation of the intima, and periarteriolar fibrosis.  The marked diminu- 
tion in the size of the lumen is quite evident.  Fig. 5 shows a small artery in the 
liver in which the end point of this process has apparently been reached in that 
merely perivascular fibrosis,  intimal  thickening,  and marked diminution in the 
lumen can be identified. 526  HYPERTENSION  ]~RO~f  CONSTRICTED  RENAL  ARTERY 
DISCUSSION 
In the first group of experiments (acute hypertension) the inter- 
pretation of the findings has been most difficult.  It has previously 
been pointed out (i) that such animals die in uremia, but the clinical 
picture aside from the hypertension is very different from that seen in 
bilaterally  nephrectomized  dogs.  When  both  kidneys  have  been 
removed the animals appear little disturbed for several days and there 
is no hypertension; but, when both arteries  (or the renal artery of a 
dog with but a  single kidney) have been sufficiently constricted to 
cause death the symptoms of a severe intoxication associated with the 
rise in blood pressure appear in from 24 to 48 hours, and death may 
occur as early as the 4th day.  Another interesting comparison has 
been  drawn  by  Goldblatt  (2).  If  both  renal  arteries  are  simulta- 
neously ligated the clinical course follows more closely that observed 
in bilaterally nephrectomized dogs than in those subjected merely to 
severe constriction of the arteries.  It has been pointed out that in 
experiments in which the arteries are completely occluded the hyper- 
tension is distinctly less than that developing after partial constriction 
(2).  From such comparisons as these it is strongly suggested that the 
experimental conditions favoring the maximum hypertensive response 
are associated with a degree of intoxication greater than that attend- 
ant upon the uremia.  Both on gross and microscopic examination 
the vascular lesions have been non-specific and throw little light on 
the mechanism whereby the arterial pressure is elevated; in fact, they 
might more logically serve to explain an hypotension.  As intimated 
above they cannot entirely be due to the associated uremia.  Though 
petechial hemorrhages are found in nephrectomized dogs which die in 
uremia, they are not so extensive nor do they appear so early as in 
these acutely hypertensive animals.  The only conclusion which has 
seemed justified is that the ischemic kidney is capable of elaborating a 
substance, already hypothesized by Goldblatt (2), which, if the degree 
of constriction is too severe, is effective not only in elevating the arte- 
rial blood pressure, but also in profoundly affecting the capillary bed, 
and causing the death of the animal earlier than should be expected 
were uremia the only cause of death. 
In  the  second group  of  experiments  (chronic hypertension)  the 
significance of these pathological changes is obscure.  Obviously the CHARLES G.  CHILD  527 
hypertension is renal in origin  , and though at its initiation no patho- 
logical changes can be found by way of explanation, the arterial lesions 
which appear after it has been present for some time might well serve 
to explain its persistence.  Certainly in the case of one of the animals 
which has been reviewed in detail, it is difficult to explain the further 
rise  in  blood pressure on any basis other than  that  of progressive 
arterial disease, apparently unassociated with any clinical evidence of 
renal failure. 
SUMMARY 
The clinical histories and pathological findings of six animals dying 
within a few days following bilateral constriction of the renal arteries 
have been presented.  No explanation for the rise in blood pressure 
was found. 
The clinical histories and pathological findings of twelve animals 
with a sustained hypertension have been considered together with the 
detailed account of one of these in which a marked degree of arterial 
disease  was  found.  It  has  been  suggested from the  study of this 
group that, though no cause for the initiation of the hypertension was 
found, the induced arterial disease might account for its maintenance. 
The author wishes to express his gratitude to Dr. N. C. Foot of the Depart- 
ment of Surgery for his assistance in interpreting the microscopic nmterial. 
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EXPLANATION  OF PLATES 
PLATE 19 
FIG. I. Kidney showing hyalinization  of Bowman's  capsule,  adhesion of the 
glomerular tuft  to its  capsule,  interstitial  fibrosis,  tubular degeneration,  round cell 
infi]tmtion,  and  thickening  of  the  wails  of  the  arterioles.  X 186. 
FIG.  2. Acute verrucous arteritis. Mesenteric vessels.  X 186. 
FIo. 3. Acute arteritis  with thrombosis and myocardial infarct.  X  186. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 67  PLATE 19 
(Child: Hypertension from  constricted renal artery) PLATE 20 
FIG.  4. Typlcal  arterial  lesion  showing  hyaline  degeneration  of the  media,  edema 
and  fragmentation  of the  intima,  diminution  of the  lumen, and periarterial  fibrosis. 
F1o.  5. Arteriole  in the liver  showing marked infimal  thickening  with all but 
complete obliteration  of the lumen. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 67  PLATE 20 
(Child: Hypertension from constricted renal artery) 